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Smoke  Movement  in  a Corridor  - Hybrid 
Model,  Simple  Model  and  Comparison  with 
Experiments 


Takayuki  Matsushita 
John  H.  Klote 


Abstract 

A hybrid  model  for  simulating  smoke  movement  in  a corridor  is  described.  This  model  uses  a two  zone 
approach  which  considers  velocities  in  each  zone,  and  uses  a fine  mesh  in  the  direction  of  propagation. 
Two  different  approaches  to  deal  with  the  pressure  term  are  addressed.  Full  scale  and  reduced  scale 
experiments  are  described  and  compared  with  the  results  of  the  hybrid  model.  Since  heat  transfer  is  not 
presently  incorporated  in  the  hybrid  model,  the  simulated  velocity  of  spread  is  constant.  But  in  the 
experiment,  the  velocity  drops  with  advancing  time.  A simple  model  with  heat  transfer  is  also  described. 
This  model  is  similar  to  the  density  flow  model,  and  assumes  that  the  movement  of  the  smoke  front  (nose) 
is  similar  to  the  flow  through  vertical  openings  in  a zone  model.  Results  of  the  simple  model  are 
compared  with  the  experiment  with  heat  transfer,  and  the  effect  of  the  heat  transfer  coefficient  is 
observed. 


Nomenclature 

B width  of  corridor  m 

Cp  constant-pressure  specific  heat  kJ/kgK 

g gravitational  acceleration  m^/s 

h height  of  interface  or  depth  of  layer  m 
H height  of  ceiling  m 

L length  m 

P pressure  N/m^ 

q heat  transfer  rate  kJ/m^s 

Q flow  rate  of  smoke  m^/s 

t time  s 

T temperature  K 

V volume  of  smoke  layer  or  zone  m^ 

a heat  transfer  coefficient  for  combined  convection  and  radiation  kW/m^K 
X thermal  conductivity  of  wall  or  ceiling  kW/mK 
p density  kg/m^ 

numerical  viscosity 
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1.  Introduction 


To  simulate  smoke  movement  in  a building  fire,  it  is  important  to  construct  a model  of  the  spread  of 
smoke  front  (nose)  in  the  corridor.  Benjamin  [1]  has  developed  a treatment  of  spread  of  density  flow,  and 
Zukoski  [2,3]  has  studied  smoke  spread  by  using  salt  water  experiments.  These  are  treatments  of  the 
density  flow,  therefore  they  have  ignored  the  time  dependence  of  density.  Heskestad  [4]  has  performed 
full  scale  experiments  in  a corridor  by  using  a burning  room,  but  the  boundary  condition  of  the  inflow 
rate  in  the  corridor  is  uncertain  for  analyzing  the  transient  smoke  spread.  Jones  and  Quintiere  [5]  have 
developed  an  analysis  to  treat  the  filling  smoke  in  a corridor  by  two  zone  model.  But  their  approach  does 
not  model  the  transient  problem  before  the  smoke  front  arrives  at  the  far  wall. 

This  paper  describes  a hybrid  model  of  corridor  smoke  flow  without  heat  transfer,  a simple  corridor 
smoke  flow  model  with  heat  transfer,  and  corridor  smoke  flow  experiments.  Also,  experimental  data  is 
compared  with  the  predictions  of  both  models.  This  effort  consists  of  the  following  parts. 

First,  the  hybrid  model  is  developed.  This  model  is  a new  approach  for  considering  a transient  smoke 
flow  in  a corridor,  and  this  method  is  intermediate  between  a zone  model  and  a field  model.  The  hybrid 
model  considers  the  velocity  inside  each  zone  to  be  finite.  For  simplicity  the  development  of  the  hybrid 
model  does  not  presently  incorporate  the  effect  of  heat  transfer.  The  effect  of  pressure  is  dealt  with  by 
ignoring  the  pressure  term  and  also  by  eliminating  the  pressure  term.  These  two  approaches  are  referred 
to  in  this  paper  as  the  ignored  case  and  the  eliminated  case. 

Second,  experiments  were  conducted  with  heat  loss  in  a corridor  using  both  a full  scale  and  a small  scale 
model  to  study  the  inflow  boundary  condition  and  the  effect  of  heat  transfer.  The  similarity  between  full 
scale  and  reduced  scale  using  these  experiments  is  discussed.  The  Froude  number  for  the  flow  similarity 
and  the  thermal  similarity  for  the  effect  of  heat  transfer  are  addressed.  The  effect  of  a soffit,  which  is  a 
smoke  barrier  on  corridor  ceiling,  is  examined  by  full  scale  experiment. 

Third,  to  analyze  the  effect  of  heat  transfer,  a simple  model  is  described  based  on  a macroscopic  balance 
of  mass  and  energy  in  the  smoke  flow. 

2.  Description  of  Hybrid  Model 

In  this  report,  the  concept  of  a hybrid  model  is  very  restricted.  Two  dimensionality,  no  heat  transfer,  no 
wall  friction  and  no  internal  mixing  between  streams  are  assumed.  These  limitations  are  imposed  to 
simplify  the  development  of  the  corridor  smoke  flow  model. 

2.1  Basic  Equations 

The  hybrid  model  uses  two  zones,  an  upper  hot  layer  (called  ’smoke  layer’)  and  a lower  cold  layer  (called 
’air  layer’),  for  the  vertical  direction,  but  uses  a fine  mesh  for  the  flow  horizontal  direction.  The  major 
difference  between  the  hybrid  model  and  a "normal"  zone  fire  model  is  how  the  upper  layer  is  formed. 
The  hybrid  model  assumes  that  the  layer  jet  has  a finite  velocity  while  the  zone  model  assumes  the  layer 
forms  instantly. 

When  mass,  momentum  and  energy  equations  are  integrated  for  horizontal  y-direction  and  vertical  z- 
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direction  of  each  zone  at  any  ;c-point,  the  conservation  equation  can  be  written  as  follows: 
Mass  Conservation: 


Bh 


u,  * ii,  u,  ^ a,  * 


(1) 


Momentum  Conservation: 


B>h  B*h.  » B>h  B*h 

■apM 

J.  I 'fdpuv^^^ffdpuw 


J J dt  ii  dx  il  dy  i{  dz 


dA 


B>h 


B>h 


Oh, 


dx 


Oh, 


(2) 


Energy  Conservation: 


i’^dpCT  i).dpCTu  r^apCTv  ^.'^apC„rw 

ffJ—L-dA  + ff  ^ dA^ff  ^-P—dA^ff— 

J J dt  J'’  dx  JJdv  J J d 

Oh,  Oh,  Oh,  y Oh, 


dA 


Bh 


B*h. 


> f f^iU*?  f^dA*  f f^dA*  f fi-.VudA-  f f~dA=0 

il^  ii,  * il 


B'h 


B^b 


Oh, 


(3) 


The  equation  of  state  is 


P = pRT 


(4) 


where  hj=0,  h2=h,  p=Pa^  ^~^a'  for  the  lower  cold  Layer,  and  hj=h,  h2=H,  p=p^, 

u=u^,  v=v^,  w=w^  for  the  upper  hot  Layer  and  h is  the  height  of  interface  from  floor,  H the  height  of 
ceiling  and  dA=dydz. 


2.2  Simplifying  Assumptions 

For  simplicity,  the  problem  is  considered  as  two  dimensional  {x  and  z directions  only  as  in  Figure  1),  and 
the  following  assumptions  are  made: 

a)  Constant  velocity  distribution  in  each  zone 

b)  Hydraulic  pressure  distribution  in  vertical  direction,  i.e. 


c)  No  entrainment  on  boundary 
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P for  z^h 

P = P^-p^gz  for  reference 


(5) 


d)  Lower  Layer  temperature  is  the  same  as  reference  temperature 

e)  Ignore  the  effect  of  viscosity 

f)  If  pressure,  P,  is  a coefficient,  P is  a constant.  If  P is  included  in  a derivative,  this  term  is 
considered. 


2.3  Some  Basic  Relations 

The  relation  for  vertical  velocity  of  the  moving  interface  is  as  follows: 


dh  dh 

w - — +u^ — 


dh  dh 

H>  = +u  


(6) 


dt  ‘^dx 


The  relation  of  derivative  is 


Therefore  the  pressure  term  in  eq.(2)  is  changed  by  eqs.(5)  and  (7)  as  follows: 
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for  hot  layer 


(8) 


oPf  dh 

(ff-A)  /-(p  -p 

dx  dx 


h 


for  cold  layer 


The  relation  between  the  total  pressure,  Py,  and  the  relative  pressure,  /y,  from  a reference  point,  Pq,  is 
Pjr=Pj-PQ.  Therefore,  the  derivative  of  the  total  pressure  is 


dPf_  dpf 
dx  dx 


2.4  Formulation  for  Hybrid  Model  with  No  Heat  Transfer 

2.4.1  Formulation 

Using  the  above  assumptions  and  relations,  the  following  formulation  for  the  case  of  incompressible  flow 
with  no  heat  transfer  to  the  walls  is  obtained. 

From  mass  conservation  of  the  hot  layer,  the  equation  of  change  of  interface  height,  h,  can  be  written 
as  follows: 


dt^dx  dx 


(9) 


From  mass  conservation  of  hot  and  cold  layers. 


d(H-hX 

dx 


dhu^ 

+ 5=0 

dx 


(10) 


Therefore  under  the  boundary  condition  h=hQ  and  u^=u^q  at  x=0  and  the  open  at  the  other  boundary, 
the  relation  of  mass  conservation  on  an  arbitrary  vertical  plane  is 


(H  - h)u^  + hu^  = (H  - hQ)u^ 


(11) 
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where  u^q  is  the  inflow  velocity  and  Hq  is  the  interface  height  from  the  floor  at  boundary  j:=0. 

From  momentum  and  mass  conservation  of  the  hot  layer,  the  equation  of  change  of  velocity  in  hot  layer 
is  written  as  follows: 


dt  dx  ^ dx  dx 


(12) 


From  momentum  and  mass  conservation  of  cold  layer,  the  equation  of  change  of  velocity  in  cold  layer 
is  as  follows: 


du  du^  1 dPf 
dt  “ dx  dx 


(13) 


2.4.2  Eliminating  the  Pressure  Term  (Eliminated  Case) 

For  the  hybrid  model  with  no  heat  transfer,  the  system  consists  of  equations  (9),  (11),  (12)  and  (13)  with 
unknown  variables  h,  u^,  and  Py.  These  equations  can  be  simplified  by  using  equation  (13)  to  eliminate 
dPj/dx  and  equation  (11)  to  explicitly  determine  u^. 

The  equation  of  change  of  hot  layer  velocity  is  modified  as  follows: 


p,  dx  h dx 


where 


C=\ 


PgiH-h) 


D=- 


uJH-h) 


(14) 


and 


h 


(15) 


This  system  can  then  be  solved  using  eqs.(9)  and  (14)  under  the  boundary  condition,  h=hQ  and  u^  = u^q 
at  x:=0.  The  term  is  calculated  using  explicitly  by  eq.(15). 


2.4.3  Ignoring  the  Pressure  Term  (Ignored  Case) 

The  other  treatment  is  to  ignore  the  pressure  term  by  setting  dPj/dx  to  zero.  When  the  pressure  term  in 
eqs.(12)  and  (13)  is  ignored,  only  eq.(12)  is  used  and  eq.(13)  is  unnecessary. 
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(16) 


Pa"p5  dh 

2 +U  

dt  dx  ^ dx 


is  the  same  as  the  eliminated  case,  so  the  relation  of  eq.(15)  can  be  used.  In  this  case,  eqs.(9)  and  (16) 
are  used  to  solve  under  the  same  boundary  condition  as  the  eliminated  case. 


2.5  Numerical  Method 

To  solve  this  system  of  partial  differential  equations,  the  subroutine  package  "PDECOL"  was  used.  In 
this  case,  the  numerical  viscosity  term,  was  needed  in  order  to  calculate  stably  in  eq.(14) 

or  eq.(16).  For  the  calculations  of  this  paper,  a value  of  of  0.1  resulted  in  numerical  stability. 


3.  Experiments 

3.1  Full  Scale  Experiment 

3.1.1  Facility 

Full  scale  experiments  for  corridor  smoke  flow  were  run  at  the  Building  Research  Instimte  (BRI)  in 
Japan.  Figure  2 shows  the  plan  and  the  section  of  experimental  corridor  underground.  The  length  of  the 
corridor  was  about  65  m,  and  the  ceiling  height  was  2 m.  The  corridor  width  changes  at  two  locations, 
and  the  40  m long  section  of  corridor  with  a constant  width  of  1.5  m was  used  for  these  experiments. 
To  study  the  effects  of  the  soffit  to  prevent  smoke  movement,  a soffit  is  located  at  23  m of  the  inlet  of 
smoke. 

At  every  2 m along  the  corridor  length,  eight  thermocouples  are  located  vertically  as  shown  in  Figure 
3.  The  thermocouples  were  made  of  0.32  mm  diameter  type-T  thermocouple  wire.  The  shape  of  smoke 
inlet  from  the  one  side  of  the  corridor  was  0.3  m depth  from  the  ceiling  and  1.2  m width,  and  the  other 
side  was  open.  The  location  of  smoke  front  was  measured  by  eye. 

Figure  4 shows  that  the  smoke  generator  apparatus  was  composed  of  an  inlet  nozzle,  an  air  supply  fan, 
a smoke  generator  machine  and  an  electric  heater  (maximum  about  30  kW).  The  power  of  the  air  supply 
fan  is  variable  . The  strength  of  heat  source  is  able  to  change  in  3 stages.  The  inflow  rate  of  outside  air 
was  calculated  from  measurements  of  the  pressure  difference  between  the  inlet  nozzle  and  outside.  Tri- 
ethylene glycol  was  mixed  by  the  smoke  generator  machine  in  the  front  of  heater.  Before  the  inflow  of 
smoke  to  corridor,  the  bypass  route  was  used  until  temperature  and  flow  rate  in  the  smoke  generator 
apparatus  approached  steady  state.  The  damper  was  set  so  that  the  resistance  of  bypass  route  was  nearly 
the  same  as  that  of  route  to  corridor  inlet.  The  temperature  of  inflow  to  corridor  and  the  inflow  rate  of 
air  were  measured.  Therefore,  the  boundary  conditions  were  known  for  the  analysis  of  smoke  spread  in 
corridor. 
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3.1.2  Experimental  Conditions 

Table  1 shows  the  experimental  conditions.  In  this  table,  group- 1 is  the  low  flow  (about  0.24  m^/s)  and 
medium  temperature  (about  50-56  °C),  group-2  is  the  low  flow  and  high  temperature  (about  64-70  °C), 
group-3  is  the  high  flow  (about  0.4  m^/s)  and  low  temperature  (about  42  °C),  group-4  is  the  high  flow 
and  medium  temperature  and  group  5 is  the  high  flow  and  high  temperamre  for  the  inflow  condition  of 
smoke.  The  sub  group-a  means  the  no  soffit  case,  sub  group-b  means  the  0.5  m height  soffit  and  sub 
group-c  means  the  1.0  m depth  of  soffit. 

3.1.3  Experimental  Results 

The  experimental  results  are  shown  in  figures  5 to  8.  Figure  5 is  the  location  of  smoke  front  after  smoke 
inflow  for  all  of  the  experiments  listed  in  table  1.  This  figure  shows  the  effect  of  soffits  on  smoke 
movement.  The  deeper  the  soffit,  the  smaller  the  smoke  movement  velocity  and  depth  after  the  soffit  and 
the  deeper  the  smoke  layer  before  the  soffit.  The  comparison  of  all  experiments  shows,  in  general,  that 
the  smoke  spread  is  faster  for  high  flow  and  for  high  temperature.  Thus,  the  effect  of  heat  transfer  is 
important. 

Figure  6 shows  the  horizontal  distribution  of  smoke  temperature  for  all  of  the  full  scale  experiments.  This 
shows  the  location  of  smoke  front  by  the  measurement  of  temperature.  The  maximum  temperature 
decreases  with  distance  from  the  inlet  of  smoke. 

Figure  7 shows  the  vertical  temperature  distribution  for  each  horizontal  location  from  smoke  inlet  in  the 
experiment  No.5-a.  At  each  horizontal  location,  the  temperature  in  smoke  zone  and  the  ceiling 
temperature  is  nearly  constant. 

Figure  8 shows  the  temperature  change  of  before  and  after  the  soffit  in  the  experiment  group-2.  This 
shows  that  temperature  and  smoke  layer  depth  decrease  after  a soffit  and  the  depth  of  smoke  increases 
before  a soffit. 

Table  2 shows  the  comparison  between  the  simplest  two  zone  model  with  no  entrainment  and  the 
experimental  results  for  the  overflow  time  on  the  soffit.  The  overflow  time  in  experiments  is  faster  than 
the  simple  prediction.  For  reference,  the  arrival  time  at  40  m from  the  smoke  inlet  for  the  experiment 
is  shown. 


3.2  Reduced  Scale  Model 

3.2.1  Similarity  of  Flow 

This  section  discusses  the  similarity  between  full  scale  and  scaled  model  for  a corridor  smoke  flow.  First 
the  flow  is  dominated  by  the  Froude  number: 


(17) 


I P. 


/ 
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The  density  and  gravity  are  considered  the  same  in  a full  scale  and  a small  scale  model.  As  the  reduced 
scale  is  determined  by  our  purpose,  velocity  is  affected.  Now  the  suffix  "full"  means  full  scale  and  suffix 
"model"  means  small  scale  model.  Then  the  ratio  of  velocity  is 


1 /2 

^model^^full  ~ ^^mode/^full^ 

The  flow  rate  can  be  described  by  L*L*u.  Therefore,  the  inflow  rate  ratio  is 

5/^ 

Qmodel^  Qfull~  ^^model^^full  ^ 


(18) 


(19) 


Time  is  described  by  L/V,  therefore 


(20) 


Now  in  our  reduced  scale  model,  L^dei^^juii~  12/100.  The  relation  of  these  properties  is  shown  in  Table 
3. 

3.2.2  Similarity  of  Thermal  Effect 

Considering  an  averaged  temperature  in  the  hot  layer,  semi  infinite  walls  (and  ceilings),  and  constant  wall 
temperature;  thermal  similarity  for  wall  is  [6] 


3/2 

^p)model^^^^p^full  ~ ^^model^^full^ 


(21) 


The  walls  and  ceiling  are  made  from  concrete  in  full  scale  and  from  Acrylic  Plate  in  small  scale  model. 
These  properties  are  shown  in  Table  4,  and  this  table  also  shows  that  the  similarity  of  thermal  effects 
between  full  scale  and  small  scale  is  good. 

Table  5 shows  the  experimental  condition  corresponding  to  high  flow  experiment  of  full  scale. 

3.2.3  Apparatus 

Figure  9 shows  the  plan  and  the  section  of  the  reduced  scale  model.  Acrylic  Plate  was  chosen  for  the 
model  so  that  the  location  of  smoke  front  could  be  observed. 

The  smoke  generator  machine  is  similar  as  a full  scale  experiment,  but  the  inflow  rate  is  reduced.  The 
scale  of  this  model  is  12/100.  The  height  and  the  width  of  corridor  are  similar  to  a full  scale  corridor, 
and  the  inflow  shape  is  also  the  same.  The  location  of  smoke  front  is  observed  from  video  recordings. 

3.2.4  Comparison  of  Full  Scale  and  Reduced  Scale  Model 

Figure  10  shows  the  results  of  the  location  of  smoke  front  in  all  reduced  scale  model  experiments.  This 
shows  the  same  feature  as  full  scale  experiments. 

Figure  1 1 shows  the  comparison  for  the  location  of  smoke  front  between  a full  scale  and  a small  scale 
model  experiment  for  the  corresponding  condition.  As  the  time  scale  and  the  length  scale  are  for  a full 
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scale,  the  result  of  reduced  scale  model  is  corrected.  There  is  good  agreement  between  the  small  scale 
experiments  and  the  full  scale  experiments. 


4.  Comparison  Between  Hybrid  Model  and  Experiment 

4.1  Comparison  between  Experiments  and  Calculation  Results 

Figure  12  shows  the  location  of  smoke  front  from  the  experiments  and  from  simulations  of  the  hybrid 
model  for  both  the  eliminated  case  and  the  ignored  case.  The  40  m corridor  was  divided  into  200  cells. 
For  about  the  first  10  seconds,  the  hybrid  model  is  in  good  agreement  with  the  experiments.  However, 
after  10  seconds,  the  spread  speed  decreases  in  the  experiment,  but  it  stays  constant  in  the  hybrid  model. 
This  is  because  this  model  assumes  constant  density  and  no  heat  loss.  This  spread  speed  is  smaller  than 
the  case  of  Froude  number  = 1.414  and  greater  than  the  case  of  Fr=  1. 


4.2  Comparison  of  Treatments  of  the  term  of  Pressure 

Figures  13  through  17  show  the  smoke  spread  from  simulations  of  the  hybrid  model  for  both  the 
eliminated  case  and  the  ignored  case.  The  smoke  front  travels  faster  for  the  ignored  case  simulations  than 
it  does  for  the  eliminated  case  simulations.  The  depth  of  the  smoke  layer  of  the  ignored  case  is  less  than 
that  of  the  eliminated  case.  Thus,  the  treatment  of  the  pressure  term  is  important. 


5.  Simple  Model  With  Heat  Transfer 

5.1  Simple  Model 

The  effect  of  heat  transfer  on  the  movement  of  the  hot  layer  movement  in  a corridor  is  very  important. 
The  first  step  in  the  treatment  of  heat  loss  is  a simple  zone  model  at  the  macroscopic  level.  Usually  zone 
models  assume  a uniform  density  in  one  zone  and  the  following  relation  between  the  velocity  and  the 
pressure  difference  at  an  opening: 


^ . AP  (22) 

2 


Considering  the  hydrostatic  pressure  distribution  in  the  vertical  direction  in  the  same  manner  as  is  done 
for  zone  models,  the  pressure  difference  at  the  front  of  smoke  flow  is 


AP  = Apgz 


(23) 


where  Ap=p^-p^. 

From  eqs.(22)  and  (23),  the  equation  of  hot  layer  velocity  at  any  height  is 
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(24) 


^2^pgz^ 


1/2 


■s  / 


The  volumetric  flow  rate  of  the  nose,  Qp  is 

Qf  = bjufdz 


0 

2 ^ 
3 


(25) 


l^pg 


\l/2 


V Pj  / 


3/2 


As  equals  the  inflow  rate  on  the  boundary  at  x=0,  Qq,  for  the  constant  inflow  condition,  the  depth, 
hf,  and  the  averaged  velocity,  {u^mean'  obtained. 

/j  =(  3)2/3(  2Ap£)-i/3(.^)2/3  (26) 

^ Ps  ^ 


- QfKbh;) 


= 2-3-^'^ 


ApgQ^y^ 


p.i> 


(27) 


To  deal  with  heat  loss,  the  following  are  assumed: 

a)  The  hot  layer  temperature  is  uniform. 

c)  The  temperature  of  wall  and  ceiling  is  constant. 

b)  The  heat  loss  to  wall  and  ceiling  is  treated  by  following  simple  equation 


(28) 


For  these  assumptions,  the  mass  and  energy  equations  for  hot  layer  are  developed.  The  conservation  of 
mass  equation  for  the  hot  layer  is  as  follows: 
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(29) 


d(P.K) 

dt 


Po^o 


The  conservation  of  energy  equation  for  the  hot  layer  is  as  follows: 

dV^ 


(30) 


From  eqs.(29)  and  (30),  average  temperature  change  in  hot  layer  in  the  layer  is 


dt 


(31) 


5.2  Comparison  between  Experiments  and  Simple  Model  Results 

The  system  of  eqs.(27)  and  (31)  provides  the  hot  layer  spread  speed  and  the  averaged  temperature.  For 
simplicity,  eq.(31)  can  be  calculated  by  the  explicit  method. 

Figure  18  shows  the  location  of  smoke  front  for  the  experimental  results  and  the  calculation  results  for 
heat  transfer  coefficient  0.0  (a  case  of  no  heat  loss),  17.4  and  23.3  W/m^,  and  for  reference  the  results 
of  the  hybrid  model.  At  the  early  stage  of  smoke  flow  (before  20  s),  the  measured  smoke  spread  is  faster 
than  the  calculated  results  of  the  simple  model.  However,  after  about  20  seconds,  the  agreement  is  good 
between  experiments  and  the  calculations  of  the  simple  model  with  a heat  transfer  coefficient  of  23.3. 


6.  Conclusions 

The  hybrid  model  for  smoke  movement  in  a corridor,  without  heat  transfer  to  the  walls,  shows  good 
agreement  with  experimental  data  for  a 40  m full  scale  corridor  until  10  seconds  after  smoke  inflow.  As 
the  spread  speed  in  the  hybrid  model  with  no  heat  transfer  is  constant,  after  10  seconds  the  agreement 
is  bad  because  the  velocity  in  the  experiments  decrease  gradually. 

The  experiments  with  reduced  scale  model  were  in  good  agreement  with  full  scale  experiments  by 
considering  the  similarities  of  the  flow  and  the  thermal. 

The  calculations  using  simple  model  with  heat  transfer  were  in  good  agreement  with  the  experiment. 
However,  at  the  beginning  of  the  simulation  (for  small  time  values  of  time),  the  prediction  is  smaller  than 
the  results  of  experiment. 

A simple  model  with  heat  transfer  is  useful  to  evaluate  the  approximate  smoke  spread  in  a corridor. 
Because  the  heat  transfer  is  an  important  factor  in  smoke  spread,  a hybrid  model  with  heat  transfer  is 
needed  for  more  accurate  treatment. 
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table  I Coiparisoa  betieen  hperiient  and  Siiple  Calcplatiop  by  Zooe  Model 
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Velocity  Pressure 


Figure  1 Hybrid  Model 
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Figure  2 A Corridor  of  Full  Scale  Experiment 
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